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(54) TRIANGULAR PYRAMID CUBE-CORNER RETROREFLECTION SHEET 



(57) To provide a triangular-pyramidal cube-corner 
retro reflective sheeting having a novel structure charac- 
terized in that a lateral face (face c) using a base edge 
(x) of triangular-pyramidal reflective elements faced 
each other and arranged in the closest-packed state by 
sharing the base edge (x) on a first bottom plane (virtual 
plane X-X') forms a triangle, two other faces (faces a 



and b) sharing one ridge line started from an apex (H) 
of the triangular-pyramidal reflective elements form a 
quadrangle, and the height (h') from the apex (H) up to 
the first bottom plane (virtual plane X-X') is substantially 
smaller than the height (h) from the apex (H) up to the 
substantially horizontal second bottom plane (Z-Z') in- 
cluding base edges (z and w) of the other lateral faces 
(faces a and b). 
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Description 
Technical Field 



5 [0001] The present invention relates to a triangular-pyramidai cube-corner retroreflective sheeting having a novel 
structure. More minutely; the present invention relates to a triangular-pyramidal cube-corner retroreflective sheeting 
characterized in that triangular-pyramidal reflective elements respectively having a novel structure are arranged in the 
closest-packed state. 

[0002] Still more minutely, the present invention relates to a tnangular-pyramidai cube-corner retroreflective sheeting 
10 constituted of triangular cube-corner retroreflective elements (hereafter aiso referred to as triangular-pyramidal reflec- 
tive elements or merely referred to as elements) useful for signs including license plates of automobiles and motorcy- 
cles, safety materials of clothing and life jackets, markings of signboards, and reflectors of visible light, laser beams, 
and infrared-ray reflective sensors. 

[0003] Still more minutely, the present invention relates to a triangular-pyramidal cube-corner retroreflective sheeting 

15 characterized in that triangular-pyramidal cube-corner retroreflective elements protruded beyond a first common bottom 
plane (virtual plane X-X") are arranged so as to be faced each other in the closest-packed state on the first bottom 
plane (virtual plane X-X') by sharing each base edge on the first bottom plane {virtual plane X-X'), the first bottom plane 
(virtual plane X-X') is a common plane including the base edges (x, x, ...) shared by the triangular-pyramidal reflective 
elements, two opposite triangular-pyramidal reflective elements form a substantially-same-shape element pair faced 

20 each other so as to be substantially symmetric to planes (Y-V, Y-Y', ...) vertical to the first bottom plane including the 
shared base edges (x, x, ...) on the first bottom plane (virtual plane X-X'), the triangular-pyramidal reflective elements 
are formed by substantially same triangular lateral faces (faces c^ and C2) using each of the shared base edges (x, 
X, ...)as one side and two substantially same quadrangular lateral faces (faces a-, and b^ or faces ag or bg) substantially 
perpendicularly crossing the lateral faces (faces c^ and Cg), which (the above lateral faces a^ and b^ or lateral faces 

25 82 or bg) use each of two upper sides of the triangular lateral faces (faces c^ and C2) started from apexes (H^ and H2) 
ot the triangular-pyramidal reflective elements as one side and share one ridge line of the triangular-pyramidal reflective 
elements as one side, and the height (h*) from the apexes (H^ and H2) of the triangular-pyramidal reflective elements 
up to the first bottom plane (virtual plane X-X') including the base edges (x, x, ...) of the triangular lateral faces (faces 
and Cg) of the triangular-pyramidal reflective elements is substantially smaller than the height (h) from the apexes 

30 (H^ and Hg) of the triangular-pyramidal reflective elements up to a substantially-horizontal second bottom plane (Z-Z') 
including base edges (z and w) of other lateral faces (faces a^ and b-j or faces 83 or b2) of the triangular- pyramidal 
reflective elements. 

Background Art 

35 

[0004] A retroreflective sheeting is well known which reflects incoming light toward a light source and the sheeting 
using its retroreflective performance is widely used for the above application fields. Particularly, a retroreflective sheet- 
ing using the retro reflection principle of a cube-corner retroreflective element such as a triangular-pyramidal reflective 
element is exceptionally superior to a conventional retroreflective sheeting using micro-glass -beads in retroreflective 

40 efficiency of light and its purpose has expanded year by year because of its superior retroreflective performance. 

[0005] However, though a conventionally publicly-known triangular-pyramidal retroreflective element shows a pref- 
erable retroreflective efficiency in a range of a small angle formed between the optical axis of the element (axis passing 
through the apex of a triangular pyramid which is present at the equal distance from three faces crossing each other 
at 90** and which constitutes a triangular-pyramidal cube-corner retroreflective element) and an entrance ray (this small 

^5 angle is hereafter referred to as entrance angle), the retro -reflective efficiency is suddenly deteriorated as the entrance 
angle increases (that is, entrance angularity is deteriorated). 

[0006] Moreover, the reflection pnnciple of a triangular-pyramidai retroreflective element conforms to the internal 
total reflection caused at the interface between air and a transparent medium constituting the triangular-pyramidal 
reflective element when light is transmitted into the air from the transparent medium at a specified angle {critical angle 
(«c)} more. The critical angle (a^) is shown by the following expression in accordance with the refractive index (n) 
of the transparent medium and the refractive index (n') of the air 

n' 

s f n a ^ = ~ 
^ n 

55 

[0007] In the above expression, because it is assumed that the refractive index (n') of the air is almost equal to 1 
and constant, the critical angle (a^) decreases as the value of the refractive index (n) of the transparent medium in- 
creases and thereby, light more easily reflects at the interface between the transparent medium and the air. in general, 
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because most synthetic resins have a refractive index of approx. 1.5, the critical angle (aj becomes a comparatively 
large value of approx. 42". 

[0008] Light incoming to the surface of a retroreflective sheeting using the above triangular-pyramidal reflective el- 
ement at a large entrance angle passes through the triangular-pyramidal reflective element and reaches the interface 
5 between the element and air at a comparatively small angle. When the angle is less than the critical angle (aj, the 
light is transmitted to the back of the element without totally reflecting from the interface. Therefore, a retroreflective 
sheeting using a triangular-pyramidal reflective element generally has a disadvantage that the entrance angularity is 
inferior. 

[0009] However, because a triangular-pyramidal retroreflective element can reflect tight in the direction from which 
10 the light enters almost over the entire surface of the element, reflected light does not diverge in a wide angle due to 
spherical aberration like the case of a micro-glass-bead reflective element. 

[0010] However, the narrow divergent angle of the retroreflected light easily practically causes a trouble that when 
the light emitted from the head lamp of an automobile retroreflects from a traffic sign, the retroreflected light doe not 
easily reach eyes of a driver present at a position separate from the optical axis of the light. The trouble of this type 
15 more frequently occurs (that is, an observation angle is deteriorated) because the angle (observation angle) formed 
between the entrance axis of rays and the axis (observation axis) connecting a driver with a reflection point increases 
particularly when an automobile approaches a traffic sign. 

[0011 J For the above cube-corner reflective sheeting, particularly a triangular-pyramidal cube-corner retroreflective 
sheeting, many proposals have been known and various improvements and studies have been made. 

20 [0012] For example, Jungersen's US Pat. No. 2,481 ,757 discloses a retroreflective sheeting constituted by arranging 
retroreflective elements of various shapes on a thin sheet and a method for manufacturing the sheeting. The above 
US patent discloses a triangular-pyramidal reflective element whose apex is located at the center of a bottom-plane 
triangle and a tilted triangular-pyramidal reflective element whose apex is not located at the center of a bottom-plane 
triangle and that light is efficiently reflected toward an automobile coming nearer. Moreover, it is disclosed that a trian- 

25 gular-pyramidal reflective element has a depth of 1/1 0 in (2,540 |xm) or (ess. Moreover, Fig. 15 of the above US patent 
illustrates a triangular-pyramidal reflective element pair whose optical axis is tilted in the positive (+) direction which is 
opposite to the case of a preferred embodiment of the present invention whose optical axis is tilted in the negative (-) 
direction. The tilt angle (6) of the optical axis is estimated as approx. 6.5"* when calculating the angle in accordance 
with the ratio between the major and minor sides of the bottom-plane triangle of the illustrated triangular-pyramidal 

30 reflective element. 

[0013] However, the above Jungersen's US patent does not specifically discloses a very-small triangular-pyramidal 
reflective element disclosed by the present invention or does not disclose or suggest a size and an optical-axis tilt of 
a triangular-pyramidal reflective element required to obtain superior observation angularity and entrance angularity. 
[0014] In this specification, as described later in detail, the expression "tilted in a direction in which optical axis 

35 becomes negative (-)" denotes that when triangular-pyramidal reflective elements protruded beyond a common plane 
(X-X*) share each of base edges (x, x, ...) and bottom planes of the reflective elements are arranged in the closest- 
packed state on the common plane (X-X') including the base edges (x, x, ...) shared by the retroreflective elements as 
element pairs faced so as to be substantially symmetric to a plane (Y-V) vertical to the common plane (X-X'), the optical 
axis tilts in a direction in which the difference (q-p) between the distance (q) from the intersection (Q) between the 

40 optical axis of the triangular-pyramidal reflective elements and the common plane (X-X') up to the plane (Y-V) vertical 
to the plane (X-X') and the distance (p) from the intersection (P) between a vertical line extended from the apexes (H^ 
and H2) of the elements to the bottom plane of the elements and the plane (X-X') up to the vertical plane (Y-Y') becomes 
negative (-). Moreover, the state in which the optical axis tilts in a direction in which (q-p) becomes positive (+) is 
hereafter shown as "tilted in a direction in which optical axis becomes positive (+)". 

45 [001 5J Furthermore, Stamm's US Pat. No. 3,712,706 discloses a retroreflective sheeting in which so-called equilat- 
eral-triangular-pyramidal cube-corner retroreflective elements whose bottom-plane shapes are equilateral triangles 
are arranged on a thin sheeting so that bottom planes of the elements are brought into the closest-packed state. The 
above Stamm's US patent improves the problem of deterioration of a retroreflective efficiency due to increase of an 
entrance angle and the above trouble that light incoming at an angle less than the internal total reflection condition 

50 passes through the interface between elements and thereby, it does not retroreflect by applying vacuum evaporation 
to the reflection face of a reflective element to cause mirror reflection. 

[0016] However, because the above Stamm's proposal uses the mirror-reflection principle as means for improving 
wide angularity, a trouble easily occurs that the appearance of an obtained retroreflective sheeting becomes dark or 
reflectivity easily deteriorates because a metal such as aluminum or silver used for a mirror-face layer is oxidized by 
55 water or air in service. Moreover, means for improving wide angularity in accordance with a tilt of an optical axis is not 
described at all. 

[0017] Moreover, Hoopman's European Pat. No. 137,736(61) discloses a retroreflective sheeting in which tilted tri- 
angular-pyramidal cube-corner retroreflective elements with isosceles bottom-plane triangles are arranged on a thin 
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sheeting so that bottom planes of the elennents are brought into the closest-packed state on the common plane. The 
optical axis of the triangular-pyramidal cube-corner retroreflective element disclosed in the above patent tilts in a neg- 
ative (-) direction similarly to the tilt direction of the optical axis of a preferred triangular-pyramidal reflective element 
of the present invention and its tilt angle ranges between 7° and IS**. 

5 [0018] However, according to the relation between reflectivity and optical-angle tilt by the light tracking method at- 
tempted by the present inventor et al., it is found that reflectivity deteriorates as the tilt angle of the optical axis increases 
exceeding 4^* in the negative direction, particularly the reflectivity of a triangular-pyramidal reflective element whose 
optical-axis tilt exceeds 6** in the negative direction is extremely deteriorated. This may be because though areas of 
three prism faces a, b, and c fomning a triangular-pyramidal reflective element whose optical axis is not tilted are equal 

10 to each other, areas of faces a and b of an element whose optical axis is tilted gradually decrease compared to the 
area of the face c of the element as the tilt angle of the optical axis increases. 

[0019] Moreover, Szczech's US Pat. No. 5,138,488 discloses a retroreflective sheeting in which tilted triangular- 
pyramidal cube-corner retroreflective elements with isosceles bottom-plane triangles are arranged on a thin sheeting 
so that bottom planes of the elements are brought into the closest-packed state on the common plane. In the case of 
15 this US patent, optical axes of the triangular-pyramidal reflective elements tilt in the direction of a side shared by two 
triangular-pyramidal reflective elements which are faced each other and paired and it is specified that the tilt angle 
ranges between about 2** -5* and each element has a size of 25 to 100 [xm. 

[0020] Moreover, in the case of European Patent No. 548,280(81) corresponding to the above US patent, it is dis- 
closed that the distance between a plane including the common side of two paired elements and vertical to a common 

20 plane and the apex of the element is not equal to the distance between the intersection between the optical axis of the 
element and the common plane and the vertical plane, that is, the direction of the tilt of the optical axis is positive (+) 
or negative (-), and the tilt angle ranges between about 2''-5*, and the element has a size of 25 to 1 00 jim. 
[0021 1 As described above, in the case of Szczech's European Pat, No. 548,280(81 ), the tilt of an optica! axis ranges 
between ±2° and ±5*". However, it is impossible to obtain completely improvement of wide angularity, particularly im- 

25 provement of entrance angularity from the tilt of the optical axis in the range of Szczech's invention. 

[0022] The triangular-pyramidal cube-comer retroreflective elements of the above-described already -publicly- known 
Jungersen's US Pat. No. 2,481,757, Stamm's US Pat. No. 3,712,706, Hoopman's European Pat. No. 137,736(81), 
Szczech's US Pat. No. 5,138,488, and European Pat. No. 548,280(81) are common in that bottom planes of many 
triangular-pyramidal reflective elements serving as cores of entrance and reflection of light are present on the same 

30 plane and each of retroreflective sheetings constituted of the triangular-pyramidal reflective elements whose bottom 
planes are present on the same plane has a disadvantage that the sheeting is interior in entrance angularity, that is, 
when the entrance angle of rays to each triangular-pyramidal reflective element increases, the retro reflectivity is sud- 
denly deteriorated. 

[0023] As basic optical characteristics requested for a triangular-pyramidal cube-corner retroreflective sheeting, high 
35 reflectivity, that is, not only intensity (magnitude) of reflectivity represented by the reflectivity of light incoming from the 
front of the sheeting but also wide angularity are requested. Moreover, observation angularity, entrance angularity, and 
rotation angularity are requested for the wide angularity. 

[0024] As described above, retroreflective sheetings constituted of the already-publicly-known triangular-pyramidal 
cube-corner retroreflective elements are all inferior in entrance angularity and moreover, they are not satisfactory in 

40 observation angularity in general. However, the present inventor et al. find through light tracking simulations that it is 
possible to improve the entrance angularity of a retroreflective sheeting constituted of the triangular-pyramidal reflective 
element by making the height (h') from apexes (H^ and H^) of the triangular-pyramidal reflective elements up to a first 
bottom pfane (virtual plane X-X') including base edges (x, x, ...) of triangular lateral faces (faces c-, and C2) of the 
triangular-pyramidal reflective element smaller than the height (h) from the apexes (H^ and Hg) of the triangular-py- 

*5 ramidal reflective element up to a substantially-horizontal second bottom plane (Z-Z') including base edges (2 and w) 
of other lateral faces (faces a-j and b-, or faces 83 or bg) of the triangular-pyramidal reflective element. 

Disclosure of the Invention 



[0025] More minutely, the present invention relates to a triangular-pyramidal cube-corner retroreflective sheeting in 
which triangular-pyramidal cube-corner retroreflective elements protruded beyond a first common bottom plane (virtual 
plane X-X') are arranged so as to be faced each other in the closest- packed state on the first bottom plane (virtual 
plane X-X') by sharing each base edge on the first bottom plane (virtual plane X-X'), the first bottom plane (virtual plane 
X-X') is a common plane including the base edges (x, x, ...) shared by the triangular-pyramidal reflective elements, two 
opposite triangular-pyramidal reflective elements form a substantialiy-same-shape element pair faced each other so 
as to be substantially symmetric to planes (Y-V, Y-Y', ...) vertical to the first bottom plane including the shared base 
edges (x, x, ...) on the first bottom plane (virtual plane X-X'), the triangular-pyramidal reflective elements are formed 
by substantially same triangular lateral faces (faces c^ and Cg) using each of the shared base edges (x, x, ...) as one 
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side and two substantially same quadrangular lateral faces (faces a^ and b-| or faces a2 or substantially perpen- 
dicularly crossing the lateral faces (faces c-| and C2), which (the above lateral faces a^ and b^ or lateral faces a2 or bg) 
use each of two upper sides of the triangular lateral faces (faces c-, and Cg) started fronn apexes (H-| and H2) of the 
triangular-pyramidal reflective elements as one side, and share one ridge line of the triangular-pyramidal reflective 

5 elements as one side, and the height (h') from the apexes (H^ and H2) of the triangular-pyramidal reflective elements 
up to the first bottom plane (virtual plane X-X') including the base edges (x, x, ...) of the triangular lateral faces (faces 
C-, and Cg) of the triangular-pyramidal reflective elements is substantially smaller than the height (h) from the apexes 
(H^ and H2) of the triangular-pyramidal reflective elements up to a substantially-horizontal second bottom plane (Z-Z') 
including base edges (z and w) of other lateral faces (faces a^ and or faces 82 or bg) of the triangular-pyramidal 

10 reflective elements. 

[0026] A more-preferable triangular-pyramidal cube-comer retro reflective sheeting of the present invention is char- 
acterized in that triangular-pyramidal cube-corner retroreflective elements protruded beyond a first common bottom 
plane (virtual plane X-X') are faced each other and arranged on the first bottom plane in the closest-packed state by 
sharing each base edge on the first bottom plane (virtual plane X-X'), the first bottom plane (virtual plane X-X') is a 

^5 common plane Including the base edges (x, x, ...) shared by the triangular-pyramidal reflective elements, two opposite 
triangular-pyramidal reflective elements form a substantially-same-shape element pair faced so as to be symmetric to 
planes (Y-Y', Y-Y', .„) vertical to the first bottom plane including shared base edges (x, x, ...) on the first bottom plane 
(virtual plane X-X'), lateral faces (faces c^ and C2) using each of the shared base edges (x, x, ...) of the triangular- 
pyramidal reflective elements as one side-fomn substantially same triangles and are an^anged along the shared base 

20 edges (x, x, ...), two other lateral faces (faces a^ and b^ or faces a2 or b2) form substantially same quadrangular lateral 
faces by using each of two upper sides of the triangular lateral faces (faces c^ and C2) started from apexes (H^ and 
H2) of the triangular-pyramidal reflective elements as one side and sharing one ridge line of the triangular-pyramidal 
reflective elements as one side, a second bottom plane (Z-Z) including base edges (z and w) of the lateral faces (faces 
a^ and b^) formed because the quadrangular lateral faces (faces c-, and C2) cross the corresponding quadrangular 

25 lateral faces (face a2 or face b2) of other adjacent triangular-pyramidal reflective elements is substantially parallel with 
the first bottom plane (virtual plane X-X'), located substantially below the first bottom plane (virtual plane X-X') including 
base edges (x, x, ...) of the triangular-pyramidal reflective elements, and tilted in a direction in which the difference (q- 
p) between the distance (q) from the intersection (Q) between the optical axis via apexes of the triangular-pyramidal 
reflective elements and the second bottom plane (2-Z') up to a plane (Y-Y') including base edges (x, x, ...) shared by 

30 the element pair and vertical to the first bottom plane (X-X') and the distance (p) from the intersection (P) between a 
vertical line extended from the apexes (H^ and H2) of the elements up to the second bottom plane (Z-Z') up to the 
vertical plane (Y-Y') including the base edges (x, x, ...) shared by the element pair becomes negative (-) so that the 
optical axis tilts by at least 3° from the vertical line (H-|-P) extended from apexes of the triangular-pyramidal reflective 
elements to the second bottom plane. 

35 [0027] The present invention is more-minutely described below by properly referring to the accompanying drawings. 

Brief Description of Drawings 
[0028] 

40 

Fig. 1 is a top view of triangular-pyramidal cube-corner retroreflective elements according to the prior art; 
Fig. 2 is a sectional view of triangular-pyramidai cube-corner retroreflective elements according to the prior art; 
Fig. 3 is a top view of triangular-pyramidai cube-corner retroreflective elements for explaining the present invention; 
Fig. 4 is a sectional view of triangular-pyramidal cube-corner retroreflective elements for explaining the present 
45 invention; 

Fig. 5 is an enlarged top view of a pair of triangular-pyramidal reflective elements for explaining the present inven- 
tion; 

Fig. 6 is an enlarged sectional view of a pair of triangular-pyramidal reflective elements for explaining the present 
invention; 

Fig. 7 is a graph showing the relation between optical-axis tilt angle (6) and calculated front brightness obtained 
from light tracking simulation; and 

Fig. 8 is a sectional view showing the structure of a mode of a triangular-pyramidal cube-corner reflective sheeting 
of the present invention. 

55 Detailed Description of the Invention 

[0029J A conventionally-publicly-known art is described below before describing the present invention. 

[0030] Figs. 1 and 2 show a top view and a sectional view for explaining triangular-pyramidal cube-comer retrore- 
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flective elements according to the prior art for comparison with triangular-pyramidal cube-corner retro reflective ele- 
ments of the present invention. In Fig. 1 , triangular-pyramidal cube-corner retroreflective elements protruded beyond 
a common plane share each of base edges (x, x, ...) and bottom planes of the elements are arranged on a common 
plane (X-X') sharing each of base edges (x, x, ...) and including the base edges (x, x, ...) shared by the retroreflective 
5 elements in the closest-packed state as a triangular-pyramidal reflective-element pair faced each other so as to be 
substantially symmetric to a plane (Y-Y') vertical to the common plane (X-X'). 

[0031] Moreover, Fig. 2 shows a sectional view of the triangular-pyramidal reflective elements cut at the sectional 
line (L-L') of the element group shown in Fig. 1 . The optical axis of the element pair is present on a tilted triangular- 
pyramidal cube-corner retroreflective sheeting and tilts from a vertical plane (Y-Y') in a direction in which the difference 

10 (q-p) between the distance (p) from the intersection (P) between a vertical line extended from the apex (H) of the 
elements to a bottom plane (X-X') up to a base edge shared by the element pair the distance (q) from the intersection 
(Q) between the optical axis and the bottom plane up to the base edge shared by the element pair become negative (-). 
[0032] Figs. 3 and 4 show a top view and a sectional view for explaining triangular-pyramidal cube-comer retrore- 
flective elements of the present invention. Fig. 3 shows that triangular-pyramidal cube-corner retroreflective elements 

15 protruded beyond a first common bottom plane (virtual plane X-X') share one base edge on the first bottom plane 
(virtual plane X-X') and are faced each other and arranged on the bottom plane in the closest-packed state. Fig. 4 
shows a sectional view of triangular-pyramidal reflective elements of the present invention cut at the sectional line (L- 
L') of the element group shown in Fig. 3. As shown in Fig. 3, triangular-pyramidal reflective elements of the present 
invention are fonmed by substantially same triangular lateral faces (faces c^ and Cg) using each of base edges (x, x, ...) 

20 of the elements as one side and two substantially same quadrangular lateral faces (faces a^ and b-( or faces ag or b2) 
substantially perpendiculariy crossing lateral faces (faces Ci and Cg), which (the above lateral faces and b^ and 
lateral faces 33 or bg) use each of two upper sides of the triangular lateral faces (faces c^ and C2) started from the 
apexes (H-, and H2) of the triangular-pyramidal reflective elements as one side, and share one ridge line of the triangular- 
pyramidal reflective elements as one side. 

25 [0033] As shown in Fig. 3, triangular-pyramidal reflective elements of the present invention share each of base edges 
(X, X, ...) on a first bottom plane (virtual plane X-X') are arranged in the closest-packed state at a repetitive pattern to 
form a substantially-same-shape element pair faced so as to be substantially symmetric. However, because the first 
bottom plane (virtual plane X-X') is located substantially above a second plane (Z-Z) serving as a common plane, the 
base edges (x, x, ...) are formed like an intermittent broken line at certain intervals without forming a continuous straight 

30 line though they are present on a straight line. Moreover, base edges (x, x, ...) shared by a group of adjacent other 
triangular-pyramidal reflective element pairs are parallel with the broken straight line constituting the former base edges 
(x, X, ...) to form a parallel straight-line group like a broken line having an equal repetitive pitch. 
[0034] Therefore, the lateral faces (faces and Cg) of triangular-pyramidal reflective elements of the present inven- 
tion share base edges (x, x, ...) and are faced each other However, the base edges (x, x, ...) do not form a continuous 

35 straight line as described above but they are formed like a broken line kept at certain intervals. Moreover, the face c^ 
does not form a continuous plane through it is present on a virtual plane but it forms independent substantially-isosceles- 
triangular strings arranged in the same pattern by keeping certain intervals. The same is true for the face C2. A virtual 
plane including the string of the face c^ and a virtual plane including the string of the face C2 cross each other to form 
a groove whose cross section Is V-shaped and moreover they are faced each other by forming a broken line including 

40 base edges (x, x, ...) common to the faces c^ and C2. 

[0035] The term "substantial" in this specification is an expression including even a very small difference. For exam- 
ple, "substantially symmetric" and "substantially same shape" are expressions including cases in which corresponding 
sides and/or anges are completely the same and magnitudes of the sides or angles are very-slightly different from 
each other by, tor example, 1% or less of values of the sides or angles, 

45 [0036] To easily understand the present invention, an enlarged top view of a pair of triangular-pyramidal reflective 
elements shown by the following symbols in Fig. 3 is shown in Fig. 5 and a side view of the elements taken along the 
line L-L' in Fig. 3 is shown In Fig. 6. 



55 [0037] In Fig. 6, the face of the right one {that is, the element shown by the following symbol in Fig. 3) of a pair 
of triangular-pyramidal reflective elements of the present invention is a triangular face enclosed by points H^-D-E, the 
face a^ is a quadrangular face enclosed by points H^-F^-A-D, the face b., is a quadrangular face enclosed by points 
H-,-F.,-B-E, the faces and b., are the substantially same shape, and the faces Cp a^, and b^ are substantially per- 



50 




and 
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pendicularly crossed each other. Moreover, the bottom plane of the right triangular-pyramidal reflective element Ri 
forms a part of a second bottom plane (Z-Z') serving as a common plane. 



5 




10 [0038] In Fig. 6, the left triangular-pyramidal reflective element shown as R2 corresponds to left one (shown by the 
following symbol in Fig. 3) of the above pair of triangular-pyramidal reflective elements shown In Fig. 3 and its bottom 
plane is shown by A-B-F2. 



15 




20 [0039] The left triangutar-pyrannidal reflective element Rg whose bottom plane is shown by A-B-F2 substantially has 
the same shape as the right reflective element whose bottom plane is shown by A-B-F-, and located at right and 
left of a base edge (D-E) (the base edge is present on the shared base edge x In Fig. 3) shared by the faces and 
C2 of the both elements and the left element Rg has a shape obtained by rotating the right element R^ about the center 
point (O) of the base edge (D-E) shared by the right and left elements R^ and Rg by 180** counterclockwise on the 

25 base plane X-X'- 

[0040] Therefore, the face Cg shown by points H2-D-E, the face bg shown by points H2-F2-A'D, and the face a2 shown 
by points H2-F2-B-E of the left element R2 in Fig. 5 respectively substantially have the same shapes as the faces Ci, 
a., , and b-, of the right element and the faces C2, 35, and bg are also substantially perpendiculariy crossed each other. 
[0041] Therefore, in Fig. 6 showing a side view taken along the line L-L' in Fig. 5, a side view of the right element 
30 R^ shown by points B-E-H^-F^ and the side view of the left element R2 shown by points B-E-Hg-Fg are substantially 
symmetric to right and left and have the same shape. 

[0042] As shown in Fig. 6, apexes of the triangular-pyramidal reflective elements (R^ and R2) of the present invention 
are shown as H-, and H2 and the height from the first bottom plane (virtual plane X-X') of the apexes (H^ and Hg) is 
shown as h'. 

35 [0043] Moreover, as clearly understood from Figs. 5 and 6, quadrangular lateral faces a^ and b^ and lateral faces 
ag or b2 of the triangular-pyramidal reflective elements R^ and R2 of the present invention substantially have the same 
shape and the base edges F^-B and Fg-A of the lateral faces a^ and b-| of the element R^ and the base edges F2-B 
and F2-A of the lateral faces 82 or bg of the element Rg are present on the second bottom plane (Z-Z') serving as a 
common plane. 

40 [0044] Therefore, depths of valleys formed between the lateral faces a^, b^, and bg of the triangular-pyramidal 
reflective elements R^ and R2 of the present invention and corresponding lateral faces of other adjacent elements from 
a plane including apexes and H2 (bottom portions of the valleys serve as base edges of the lateral faces a^, b^, a2 
or b2) are shown as h. 

[0045] Moreover, the base edge (D-E) shared by the opposite faces c^ and C2 of the triangular-pyramidal reflective 
45 elements R^ and R2 of the present invention is present on the first common plane (virtual plane X-X') as shown in Figs. 
5 and 6 and the height from the first bottom plane (virtual plane X-X') up to the apexes and H2 of the elements R^ 
and R2 is shown as h' in Fig. 6. Furthermore, the height h' corresponds to the depth of the V-shaped valley formed by 
the faces c^ and Cg from a plane (virtual plane) including the apexes and H2 of the elements. 
[0046] Triangular-pyramidal reflective elements (R^, R2, ...) of the present invention are characterized in that the 
50 depth (h') of the valley formed by faces and C2 is smaller than the depth (h) of the valley formed by faces a-, , b-, , ag, 
and bg (and faces corresponding to the faces a^, b^, 82, and b2). 

[0047] Moreover, as shown in Figs. 3 and 5, in the case of triangular-pyramidal reflective elements of the present 
invention, base edges of the faces a^ and a2 of the elements R., and R2 are present on a common line z, base edges 
of the faces b^ and bg of the elements R^ and Rg are present on a common line w, and base edges of the faces and 
55 C2 of the elements R^ and R2 are present on a common line x. 

[0048] When assuming the height from the first bottom plane (virtual plane X-X') of the apexes (H-, and H2) of trian- 
gular-pyramidal reflective elements of the present invention as h' and the height from the second bottom plane (Z-Z') 
of the apexes (H^ and Hg) as h, it is preferable to use a triangular-pyramidal cube-corner retro reflective sheeting in 
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which the value of hVh ranges between 0.67 and 0.95, particularly preferable to use a triangular-pyrannidal cube-corner 
retroreflective sheeting in which the value of hVh ranges between 0.71 and 0.93. 

[0049] As shown in Figs. 3 to 6, two corresponding faces c of triangular-pyramidal reflective elennents of the present 
invention share base edges {x, x, ...), which are faced each other and arranged on a first bottonn plane (virtual plane 

5 X-X') including the shared base edges (x, x, ...) in the closest-packed state as already described. 

[0050] In the case of the present invention, when referring to Figs. 3 to 6, it is preferable to use a triangular-pyrannidal 
cube-corner retroreflective sheeting characterized in that triangular-pyranntdal cube-corner retroreflective elements 
protruded beyond a first common bottom plane (virtual plane X-X') are faced each other and arranged on the first 
bottom plane in the closest-packed state by sharing a base edge on the first bottom plane (virtual plane X-X'), the first 

10 bottom plane (virtual plane X-X') is a common plane including the base edges (x, x, ...) shared by the triangular-py- 
ramidal reflective elements, the two laced triangular-pyramidal reflective elements form a substantially-same-shape 
element pair faced so as to be substantially symmetric to planes (Y-Y', Y-Y', . . .) vertical to the first bottom plane including 
the base edges (x, x, ...) on the first bottom plane (virtual plane X-X'), lateral faces (faces c^ and C2) using each of the 
base edges (x, x, ...) shared by the triangular-pyramidal reflective elements as one side substantially fomn the same 

15 triangles and are arranged along the shared base edges (x, x, ...), two other lateral faces (faces a-) and b^ or faces 82 
or bg) forming the triangular-pyramidal reflective elements form the substantially same quadrangular lateral faces using 
each of two upper sides ofthe triangular lateral faces (faces c^ andcg) started from apexes (H-, and H2) of the triangular- 
pyramidal reflective elements as one side and sharing a ridge line of the triangular-pyramidal reflective elements as 
one side, a second bottom plane (Z-Z') including base edges (z and w) of the lateral faces (faces a^ and b^) formed 

20 because the quadrangular lateral faces (face a-| and b^) cross the corresponding quadrangular lateral face (face a.^ 
b2) of other triangular-pyramidal reflective elements adjacent to the quadrangular lateral faces is substantially parallel 
with the first bottom plane (virtual plane X-X') and located substantially below the first bottom plane (virtual plane X- 
X') including the base edges (x, x, ...) of the triangular-pyramidal reflective elements, and the optical axis via apexes 
of the triangular-pyramidal reflective elements tilts by at least 3° from a vertical line (H-|-P) extended from the apexes 

25 of the triangular-pyramidal reflective elements to the second bottom plane in a direction in which the difference (q-p) 
between the distance (q) from the intersection (Q) between the optical axis and the second bottom plane (Z-Z') up to 
the plane (Y-Y') vertical to the first bottom plane (X-X') and the distance (p) from the intersection (P) between a vertical 
line extended from the apexes (H^ and Hg) of the elements to the second bottom plane (Z-Z') and the second bottom 
plane (Z-Z') up to the vertical plane (Y-Y') including the base edges (x, x, ...) shared bythe elements become negative (-). 

30 [0051] In the case of the present invention, when referring to Fig. 6, it is preferable to set an optical-axis tilt angle 
(6) which is an angle (6) of the optical axis passing through the apex of the triangular-pyramidal reflective element 
Ri from a vertical line (H^-P) extended from the apex to the second bottom plane (Z-Z') {this can be also assumed 
as the plane (Y-Y') vertical to the first bottom plane (X-X')} to at least 3**. 

[0052] In the case of the present invention, it is preferable to use a triangular-pyramidal cube-corner retroreflective 

35 sheeting characterized in that the optical axis of triangular-pyramidal reflective elements tilts by 4** to 1 2" from a vertical 
line (H^-P) extended from apexes (H-, and H2) of triangular-pyramidal reflective elements to a second bottom plane 
(Z-Z') in a direction in which the difference (q-p) between the distance (p) from the intersection (P) between the vertical 
tine and the second bottom plane (Z-Z') up to the vertical plane (Y-Y') and the distance (q) from the intersection (Q) 
between the optical axis and the second bottom plane (Z-Z') up to the vertical plane (Y-Y') becomes negative (-), 

40 particularly preferable to use a tn angular-pyramidal cube-comer retroreflective sheeting characterized in that the optical 
axis tilts by 5° to 10** from the vertical line (H^-P) in a direction in which the above (q-p) becomes negative (-). 
[0053] Moreover, in the case of the present invention, it is preferable to use a triangular-pyramidal cube-corner ret- 
roreflective sheeting having triangular-pyramidal reflective elements in which the distance (h) from a second bottom 
plane (Z-Z') including base edges (z and w) of substantially same quadrangular lateral faces (faces a^ and b^ or faces 

45 a2 or b2) formed because the lateral faces (faces a^ and b^) protruded beyond a first bottom plane (virtual plane X-X') 
and sharing a ridge line using each of apexes (H^ and H2) of triangular-pyramidal cube-corner retroreflective elements 
as one side and using the ridge line as one side cross corresponding quadrangular lateral faces (faces 82 or b2) of 
other adjacent triangular-pyramidal reflective elements up to the apexes (Hi and Hg) of the triangular-pyramidal re- 
flective elements ranges between 50 and 400 ^xm, particularly ranges between 60 and 200 p.m, further particularly 

50 ranges between 70 and 100 (im. 

[0054] As described above, because the height (h') from the apexes (H-, and H2) of triangular-pyramidal reflective 
elements u to the first bottom plane (virtual plane X-X') is substantially smaller than the height (h) from the apexes (H^ 
and H2) of the triangular-pyramidal reflective elements up to the second bottom plane (Z-Z'), various improved optical 
characteristics are obtained. 

55 [0055] These improved optical characteristics can be achieved because it is possible to decrease the area of the 
face c^ compared to the face c^ of a lateral face of the prior art in which h' is equal to h, in other words, it is possible 
to relatively increase areas of faces a-j and b^ . Particulariy, in the case of the light entering faces a^ and b^ at an angle 
almost vertical to faces a^ and b^, in other words, a large entrance angle, entrance angularity is remarkably improved 
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because areas of the faces a^ and are increased. 

[0056] Moreover, improvement of optical characteristics according to increase of the areas of the faces a^ and b^ is 
especially remarkable for triangular -pyramidal reflective elements In which an optical axis is tilted, particularly when 
the optical axis tilts in a direction in which the difference (q-p) between the distances (p) and (q) of the triangular- 
5 pyramidal reflective elements becomes negative (-). 

[0057] In the case of the present invention, when an optical axis tiits so that the (q-p) becomes negative (-) as 
described above, entrance angularity is particularly improved. 

[0058] In the case of normal triangular-pyramidal reflective elements in which an optical axis is not tilted according 
to the prior art, three lateral faces (faces a-j, b^, and or faces and C2) constituting the elements are right- 

10 angled isosceles triangles and areas of them are also equal to each other. However, as described above, when tilting 
the optical axis of the elements so that (q-p) becomes negative (-), disadvantages occur that areas of two lateral faces 
(faces a^ and b-, or faces ag or b2) become smaller than areas before the optical axis is tilted and the probability of 
causing three-face reflection and retro reflection is lowered. 

[0059] For entrance rays to reflect from three lateral faces and efficiently retro reflect, it is preferable that areas of 

15 three lateral faces are equal to each other. In the case of tilted triangular-pyramidal reflective elements according to 
the prior art, however, the probability of causing three-face reflection and retroref lection described above is lowered 
because areas of the two lateral faces (faces a^ and b-, or faces ag or bg) become smaller than lateral faces (faces c^ 
and Cg) sharing base edges (x, x, ...). Therefore, the retroref lective perfomnance (front reflectivity) of the light incoming 
from the front is deteriorated and the retroreflectlve performance {entrance angularity) when the entrance angle in- 

20 creases is also deteriorated. 

[0060] When an optical axis tilts so that (q-p) becomes negative (-), areas of lateral faces (faces a^ and b^ or faces 
a2 or bg) of triangular-pyramidal reflective elements decrease to approx. 90% when the optical-axis tilt angle (0) is 
equal to -3*, approx. 87% when the angle (0) is equal to -4", and approx. 65% when the angle (8) is equal to -12' and 
front reflectivity and entrance angularity are deteriorated due to the above decrease of areas. 

25 [0061] It is possible to confirm the deterioration of the front reflectivity due to decrease of the area ratio through 
geometrical-optical light-tracking computer simulation. Fig. 7 shows the front reflectivity calculated by fixing the height 
(h) of triangular-pyramidal reflective elements according to the prior art to 80 ^im and assuming the entrance angle 
and operation angle as 0** when changing optical-axis tilt angles (0) from 0* to -14"*. From Fig. 7, it is found that the 
calculated front reflectivity is further deteriorated as the tilt angle (6) increases. 

30 [0062] However, because triangular-pyramidal reflective elements of the present invention are designed so that the 
height (h) from apexes (H-, and H2) up to a second bottom plane (virtual plane Z-Z*) is substantially larger than the 
height (h') up to a first bottom plane (X-X'), it is possible to make areas of two lateral faces (faces a^ and b., or faces 
82 or ^2) larger than those of lateral faces of triangular-pyramidal reflective elements formed in accordance with the 
prior art. 

35 [0063] Therefore, triangular-pyramidal reflective elements of the present invention make it possible to eliminate the 
disadvantage of reflectivity deterioration due to area reduction of faces a and b of triangular-pyramidal reflective ele- 
ments caused by increasing the optical-axis tilt angle (0) to 3* or more in a direction in which (q-p) becomes negative 
(-). Because of the above reason, it is preferable that an optical axis tilts so that the optical-axis tilt angle (0) ranges 
between -4° and -12°, particularly ranges between -S'* and -lO* in the case of the present invention. In the case of a 

40 triangular-pyramidal reflective element tilting up to more than 12° in a direction in which the optical-axis tilt angle (6) 
becomes negative (-), rotation angularity tends to deteriorate because the element is excessively deformed and re- 
flectivity greatly depends on the direction of light entering the element (rotational angle). 

[0064] In the case of a triangular-pyramidal reflective element of the present invention, the optimum optical charac- 
teristic is obtained when the value of hVh preferably ranges between 0.67 and 0.95, more preferably ranges between 

45 0.71 and 0.93. Because two lateral faces (faces a^ andb^ or faces 82 or bg) of a triangular-pyramidal reflective element 
pair meeting the value of h/h' can have areas almost equal to those of lateral faces (faces c^ and C2) sharing base 
edges (x, x, ...), it is possible to increase rays which are three-face- reflected and retro reflected. 
[0065] In the case of three lateral faces (faces a., , b-, , and c-,) of triangular-pyramidal reflective elements of the present 
invention, the area ratio viewed from the front or the area ratio viewed from the entrance-axis direction is not greatly 

50 changed. Therefore, triangular-pyramidal reflective elements of the present invention are improved in both front reflec- 
tivity and entrance angularity. 

[0066] Moreover, when the value of h'/h exceeds 0.95, the increase rate of areas of two lateral faces (faces a., and 
b^ or faces or bg) is not very remarkable. However, when hVh is less than 0.67, the ratio between areas of these 
two lateral faces (faces a^ and b^ or faces ag or bg) becomes excessively large compared to areas of lateral faces 
55 (faces c-i and C2) sharing a base edge. Therefore, it is difficult to improve optical characteristics because of the reason 
same as the above mentioned. 

[0067] It is preferable that the height (h) from apexes (H^ and H2) of triangular-pyramidal reflective elements of the 
present invention up to a second bottom plane (Z-Z') ranges between 50 and 400 |im and it is more preferable that 
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the height (h) ranges between 60 and 200 fim. When the height (h) is less than 50 ^m, the size of an element is 
excessively decreased. Therefore, divergence of retroreflected light becomes excessive in accordance with the dif- 
fraction effect decided by the bottom-plane opening area of the element and front reflectivity tends to deteriorate. 
Moreover, when the height (h) exceeds 400 [ivn, the thickness of a sheeting becomes excessively large and a soft 

5 sheeting cannot be easily obtained. 

[0068] It is possible to manufacture a triangular-pyramidal cube-corner retro reflective sheeting of the present inven- 
tion by generally using a cube-corner molding die in which shapes of the above-described triangular-pyramidal reflective 
elements are arranged on a metallic belt in the closest-packed state as inverted concave shapes, thermally pressing 
a proper soft resin sheeting superior in transparency and uniformity to be described later against the molding die, and 

10 inverting the shape of the die and transferring the inverted shape of the die to the resin sheeting. 

[0069] A typical method for manufacturing the above cube-corner molding die is disclosed in the above Stamm's US 
Pat. No. 3,712,706 in detail and the present invention can aiso use a method conforming to the above method. 
[0070] Specifically, a microprism mother die in which convex very-small triangular pyramids are arranged in the 
closest-packed state is manufactured by using a carbide cutting tool (such as a diamond cutting toot or tungsten- 

?5 carbide cutting tool) having a tip angle 66.4 to 53.7*, deciding each-directional repetitive pitch and groove depth (h) 
and a mutual crossing angle in accordance with the shape of a purposed triangular-pyramida! reflective element in two 
directions (z and w directions in Fig. 3), and thereby cutting V-shaped parallel grooves having the same groove depth 
(h) and a V-shaped cross section on a base material with a flatly-ground surface and moreover; using a similar carbide 
cutting tool having a tip angle of 78.5° to 1 00.5° and thereby cutting V-shaped parallel grooves in the third direction {x 

20 direction) at a repetitive pitch (repetitive pitch of line x in Fig. 3) which passes through the intersection between the 
formed z-directional and w-directional grooves and divides the supplementary angle of the crossing angle of these two 
directions (in this case, the acute angle is referred to as "crossing angle"). In this case, the depth (h') of the x-directional 
groove is set so that it becomes smaller than the depth (h) of the z- and w-directional grooves. 
[0071] in the case of a preferable mode of the present invention, the repetitive pitch in z and w directions ranges 

25 between 104 and 992 (im, the dept (h) of a groove ranges between 50 and 400 ^m, the mutual crossing angle ranges 
between 64.7 and 75.1**, and the dept (h') of an x-directional groove ranges between 33 and 380 p^m. 
[0072] These x-, w-, and z-directionat grooves are generally cut so that cross sections of the grooves respectively 
form an isosceles triangle. However, it is also possible to cut the grooves so that the cross section of at least one of 
these three-directional grooves is slightly deviated from an isosceles triangle. As a specific cutting method, it is possible 

30 to cut a groove by a cutting tool whose tip shape is asymmetric to right and left or by slightly tilting the cutting tool. 
Thus, by slightly deviating the cross section of a groove from an isosceles triangle, it is possible to provide a slight 
angular deviation from the right angle (90**) for at least one of prism face angles of three lateral faces (faces a-,, b^, 
and orfaces ag, b2, and 03) of triangular-pyramidal reflective elements obtained by slightly deviating the cross section 
of a groove from an isosceles triangle. Thereby, it is possible to properly diverge the light reflected from a triangular- 
es pyramidal reflective element from a complete retroreflective direction. 

[0073] It is preferable to use a metal-based material having a Vickers hardness (JIS Z 2244) of 350 or more, partic- 
ularly 380 or more as a base material to be preferably used for the microprism mother die. Specifically, it is possible 
to use amorphous copper, electrodeposition nickel, or aluminum. Moreover, as an alloy-based material, it is possible 
to use copper-zinc alloy (brass), copper-tin-zinc alloy, nickel-cobalt alloy, nickel-zinc alloy, or aluminum alloy. 

40 [0074] Furthermore, it is possible to use a synthetic-resin-based material as the above base material. It is preferable 
to use a material made of a synthetic resin having a glass transition point of 150**C or higher or particularly 200**C or 
higher and a Rockwell hardness (JIS Z 2245) of 70 or more, particularly 75 or more because the material does not 
easily cause a trouble that the material is softened undercutting and therefor, it is difficult to accurately cut the material 
Specifically, it Is possible to use any one of polyethylene-terephthalate-based resin, polybutylene-terephthalate-based 

45 resin, polycarbonate-based resin, polymethyl-methacrylate-based resin, polyimide-based resin, poly aery late- based 
resin, polyarylate-based resin, polyether-sulfon-based resin, polyetherimide-based resin, and cellulose-triacetate- 
based resin. 

[0075] A flat plate can be formed by any one of the above synthetic resins in accordance with the normal resin 
molding method such as the extrusion molding method, calendar molding method, or solution casting method and 

50 moreover, heating and drawing can be performed according to necessity. Preparatory conducting treatment can be 
applied to a plane of the flat plate thus formed in order to simplify the conducting treatment and/or electroforming 
perfomned to form an electroforming die by a prism mother die manufactured by the above method. As the preparatory 
conducting treatment, it is possible to use the vacuum deposition method for depositing one of metals such as gold, 
silver, copper, aluminum, zinc, chromium, nickel, and selenium, cathode sputtering method using one of the above 

53 metals, or electroless plating method using copper or nickel. Moreover, it is permitted to mix conductive powder such 
as carbon black or organic metallic salt with a synthetic resin to provide conductivity for the flat plate. 
[0076] Then, the surface of the obtained microprism mother die is electroformed and a metallic film is formed on the 
surface. By removing the metallic film from the surface of the mother die, it is possible to form a metallic die for molding 
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a triangular-pyramidal cube-corner retroreflectfve sheeting of the present invention. 

[0077] In the case of a nnetallic nnicroprisnn mother die, the surface of the die is cleaned and then, the surface can 
be immediately etectroformed. In the case of a synthetic-resin microprism mother die, however, it is necessary to apply 
conducting treatment to the surface of the prism of the mother die in order to provide conductivity for the surface before 
5 electroforming the surface. As the conducting treatment, it is possible to use sliver-mirror treatment, electroless plating, 
vacuum deposition, or cathode sputtering. 

[0078] As the above sliver-mirror treatment, it is specifically possible to use a method of cleaning the surface of a 
mother die fomned by the above method with an alkaline detergent to remove dirt such as ott component from the 
surface and then, activate the surface by using a surfactant such as tannic acid and then Immediately forming the 

10 surface like a silver mirror by a silver-nitrate solution. For the silver-mirror formation, it is possible to use the spraying 
method using a two-cylinder nozzle gun for a silver-nitrate aqueous solution and a reducing-agent (glucose or glyoxal) 
aqueous solution, or an immersing method for immersing the surface of the mother die in a mixed solution of a silver- 
nitrate aqueous solution and a reducing-agenl aqueous solution. Moreover, it is preferable to minimize the thickness 
of the silver-mirror film in the range of meeting the conductivity under electroforming such as 0.1 jim or less. 

15 [0079] Electroless plating uses copper or nickel. For an electroless nickel-plating solution, it is possible to use nickel 
sulfate or nickel chloride as a water-soluble metallic salt of nickel and a solution obtained by adding a solution mainly 
containing citrate or malate to the electroless nickel-plating solution as a complexation agent or adding sodium hypo- 
phosphtte, sodium borohydride, or amine Volan to the electroless nickel-plating solution as a reducing agent is used 
as a plating solution. 

20 [0080] Vacuum deposition can be perfonned by cleaning the surface of a mother die similarly to the case of silver- 
mirror treatment, putting the mother die in a vacuum device, heating and vaporizing a metal such as gold, silver, copper, 
aluminum, zinc, nickel, chromium, or selenium, precipitating the metal on the surface of the cooled mother die, and 
forming a conductive film on the surface of the die. Moreover, cathode sputtering can be performed by putting a mother 
die treated similarly to the case of vacuum deposition in a vacuum device in which an anode table made of a metal 

25 such as aluminum or iron, setting a metallic foil similarly to that used for vacuum deposition to a cathode and charging 
the foil to cause glow discharge, thereby making a cation flow generated by the glow discharge collide with the metallic 
foil of the cathode to evaporate metal atoms or particles, precipitating the metal atoms or particles on the surface of 
the mother die, and forming a conductive film. Conductive films fomned by these methods respectively have a thickness 
of 30 nm. 

30 [0081] To fonn a smoother and uniform eiectroformed layer on a synthetic-resin prism mother die under electrofor- 
ming, it is necessary to unifonnly apply the above conducting treatment overthe entire surface of the mother die. When 
the conducting treatment is ununiformly perfonned, a trouble may occur that the smoothness of the surface of an 
eiectroformed layer at a portion with a low conductivity is deteriorated or an eiectroformed layer is not formed but a 
defective portion is formed- 

35 [0082] To avoid the above trouble, it is possible to use a method of improving wetness by a sliver-mirror solution by 
treating a treatment face with a solvent such as alcohol immediately before starting silver-mirror treatment. However, 
because a concave portion of a synthetic-resin mother die formed for the present invention is very deep and sharp, 
improvement of wetness tends to be insufficient. A trouble of a conductive film due to the concave shape easily occurs 
in evaporation. 

40 [0083] To uniform the surface of an eiectroformed layer obtained through electrofonning, activation is frequency 
performed. For the activation, it is possible to use a method of immersing the eiectroformed layer in a 10 wt% suifonic- 
acid aqueous solution. 

[0084] When electrofonning a synthetic-resin mother die to which silver-mirror treatment is applied, a silver layer is 
integrated with an electrofonned layer and easily removed from the synthetic-resin mother die. However, when forming 
45 a conductive film made of nickel through electroless plating or cathode sputtering, it may be difficult to remove an 
eiectroformed layer from a synthetlc-resin layer because the surface of a synthetic resin very closely contacts with the 
conductive film. In this case, it is preferable to apply the so-called removal treatment such as chromate treatment onto 
the conductive-film layer before starting electroforming. In this case, the conductive-film layer remains on the synthetic- 
resin layer after removed. 

50 [0085] The synthetic-resin prism mother die with theconductiveTllm layer formed on its surface undergoes the above 
various treatments and then, an eiectroformed layer is formed on the conductive-film layer through electroforming. 
Moreover, the surface of the metallic prism mother die is cleaned according to necessity as described above and then . 
an eiectroformed layer is directly formed on the metal. 

[0086] Electroforming is generally performed under a current condition of approx. lOA/dm^ in an aqueous solution 
55 containing 60 wt% of nickel sulfamate at 40''C. By setting an elect roformed-layer-forming rate to mm/48 hr or less, a 
unifonrn eiectroformed layer is easily obtained. However, at a forming rate higher than 48 hr/mm, a trouble easily occurs 
that surface smoothness is deteriorated or a defective portion is fonned in the eiectroformed layer 
[0087] Moreover, in the case of electroforming, it is also possible to perform nickel-cobalt-alloy electroforming added 
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with a component such as cobalt in order to improve the surface abrasion of a die. By adding 10 to 15 wt% of cobalt, 
it is possible to raise the Vickers hardness Hv up to 300 to 400. Therefore, when molding a synthetic resin by an 
obtained electroforming die and thereby, manufactunng a triangular-pyramidal cube-corner retroreflective sheeting of 
the present invention, it is possible to improve the durability of the die. 
5 [0086] Thus, it is possible to repeatedly use a first-gene ration electroforming die formed by the prism mother die as 
an electrofonning master used to form a second-generation electroforming die. Therefore, it is possible to form a 
plurality of electroforming dies by one prism mother die. 

[0089] The fonned electroforming dies are precisely cut and thereafter it is possible to use the dies by combining 
and joining them up to the final size for molding a microprism sheeting by a synthetic resin. To join the dies, it is possible 
10 to use a method of merely bringing a cut end face to face with another or a method of welding combined joints through 
electron-beam welding, YAG laser welding, or carbon-dioxide laser welding. 

[0090] A combined electroforming die is used to mold a synthetic resin as a synthetic-resin-molding die. The syn- 
thetic-resin molding method can use compression molding or injection molding. 

[0091] Compression molding can be performed by inserting a formed thin-wail nickel electrofomning die, a synthetic- 
15 resin sheeting with a predetermined thickness, and a silicone-rubber sheeting with a thickness of approx. 5 mm serving 
as a cushion into a compression-molding press heated up to a predetem^ined temperature, preheating them for 30 
sec at a pressure of 10 to 20% of a molding pressure and then, thermally pressing them for approx. 2 min at a tem- 
perature of 1 80 to 250°C and a pressure of 10 to 30 kg/cm^. Thereafter, by cooling them up to room temperature while 
pressing them and then releasing pressure, it is possible to obtain a prism molding. 
20 [0092] Moreover, it is possible to obtain a continuous sheeting-like product by joining a thin-wall electroforming die 
with a thickness of approx. 0.5 mm formed through the above method in accordance with the above welding method 
to form an endless belt die, setting the belt die to a pair of rollers comprising a heating roller and a cooling roller to 
rotate the belt die, supplying melted synthetic resin to the belt die present on the heating roller in the form of a sheeting, 
pressure-molding the sheeting by one or more silicone rollers, then cooling the sheeting on the cooling roller to a glass- 
es transition-point temperature or lower, and removing the sheeting from the belt die. 

[0093] Then, a mode of a preferable structure of a triangular-pyramidal cube-corner retroreflective sheeting of the 
present invention is described below by referring to Fig. 8 showing a sectional view of the mode. 
[0094] In Fig. 8, symbol (1) denotes a reflective-element layer in which triangular-pyramidal reflective elements {R.t 
and Rg) of the present invention are arranged in the closest-packed state, (2) denotes a holder layer for holding reflective 
30 elements, and (1 0) denotes a light entrance direction. Though the reflective element layer (1 ) and the holder layer (2) 
are generally integrated, it Is also permitted to superimpose a layer on another. Correspondingly to the purpose or 
operating environment of a retroreflective sheeting of the present invention, it is possible to form a surface protective 
layer (4), a printing layer (5) for transmitting information to an observer or coloring a sheeting, a binder layer (6) for 
realizing an airtight structure for preventing moisture from entering the back of the reflective element layer, a support 
35 layer (7) for supporting the binder layer (6), and an adhesive layer (8) and a removing-material layer (9) used to attach 
the retroreflective sheeting to other structure. 

[0095] It is possible to apply the resin used for the retroreflective -element layer (1) to the surface protective layer 
(4). However, to improve the weather resistance, it is possible to use one of an ultraviolet absorbent, a light stabilizer, 
and an antioxidant independently or by combining them. Moreover, it is possible to add various organic and inorganic 
^0 pigments and dyes to the resin as coloring agents. 

[0096] It is possible to generally set the printing layer (5) between the surface protective layer (4) and holder layer 
(2) or on the surface protective layer (4) or the reflective face of the reflective element (1) by means of gravure, screen 
printing, or ink-jet printing. 

[0097] Materials for forming the reflective element layer (1) and holder layer (2) are not restricted as long as they 
45 meet flexibility that is an object of the present invention. However, it is preferable to use materials having optical trans- 
parency and uniformity. The following materials can be used for the present invention: olefin resins such as polycar- 
bonate resin, vinyl-chloride resin, (meth)acrylate resin, epoxy resin, styrene resin, polyester resin, fluorocarbon resin, 
polyethylene resin, and polypropylene resin, cellulose-based resin, and polyurethane resin. 

[0098] In general, in the case of the reflective-element layer (1 ) of the present invention, an air layer (3) is set to the 
50 back of a cube-corner retroreflective element in order to increase a critical angle meeting the internal total-reflection 

condition. It is preferable that the reflective-element layer (1) and the support layer (7) are sealed by the binder layer 

(6) in order to prevent troubles such as decrease of an critical angle and corrosion of a metallic layer due to incoming 

moisture under an operating condition. The sealing method can use any one of the method disclosed in US Pat. Nos. 

3.190,178 and 4,025,159, and Japanese Utility-Model Laid-Open No. 28669/1975. The resin used for the binder layer 
55 (6) can use any one of (meth)-acryiic resin, polyester resin, alkyd resin, and epoxy resin. The joining method can 

properly use any one of the publicly-known thermally-welding-resin joining method, thermosetting-resin joining method, 

ultraviolet-curing- resin joining method, and electron-beam-curing-resin joining method. 

[0099] It is possible to apply the binder layer (6) to the entire surface of the support layer (7) or selectively set the 
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layer (6) to a joint with a ret rorefiective- element layer in accordance with the method such as the printing method. 
[0100] As a material constituting the support layer (7), it is possible to use any one of a resin constituting a retrore- 
flective-element layer, a general film-moldable resin, fiber, or cloth, and a metallic foil or plate of stainless steel or 
aluminum independently or by combining them. 
5 [0101] It is possible to properly use any publicly-known material for the adhesive layer (8) and the removal layer (9) 
for an adhesive used to attach a retroreflective sheeting of the present invention to a metallic plate, wooden plane, 
glass plate, or plastic plate. 

Best Mode for Carrying Out the Invention 

10 

[0102] The present invention is more minutely described below by referring to Embodiments and Comparative Ex- 
amples. 

Embodiment 1 : 

15 

[0103] A parallel groove having a V-shaped cross section was cut on a 50 mm-square brass plate whose surface 
was flatly ground in a repetitive pattern in accordance with the fly cutting method in the first direction (z direction in Fig. 
3) and the second direction (w direction in Fig. 3) by using a diamond cutting tool having a tip angle of 61 .98** so that 
the repetitive pitch in z and w directions became 203.89 ^m, the depth (h) of the groove became 90 |im, and the 
crossing angle between lines z and w shown by <A-F^-B in Fig. 5 became 68.85**. 

[0104] Thereafter, the V-shaped parallel groove was cut in the third direction (x direction) by using a diamond cutting 
tool having a tip angle of 86.53* so that the repetitive pitch (repetitive pitch of line x in Fig. 3) became 1 80.33 ^m, the 
groove depth (h') became 72 jim, and the crossing angle between the first and second directions on one hand and the 
third direction on the other became 55.58** to form a mother die in which a plurality of convex triangular-pyramidal 
25 cube-corner reflective elements with a height (h) of 90 fim from the second bottom plane (Z-Z') of the triangular-py- 
ramidal reflective elements up to apexes (H-i and Hg) of the triangular-pyramidal reflective elements were arranged in 
the closest-packed state on a brass plate. The optical-axis tilt angle e of the triangular-pyramidal reflective elements 
showed -8°. Moreover, the value of h'/h showed 72/90 = 0.80. 

[0105] A convex-cube-comer-molding die which was made of nickel and whose shape was inverted was fonned in 

30 accordance with the electroforming method by using the above brass mother die. 

[0106] By using the molding die, a triangular-pyramidal cube-corner retroreflective sheeting made of polycarbonate 
resin was formed on whose surface cube-corners having a support-layer thickness of 150 \im, h of 90 jj.m, h' of 72 |xm, 
and prism-face angles of three faces not provided with an angular deviation were arranged in the closest-packed state 
after compression-molding a polycariaonate resin sheeting with a thickness of 230 |im ("Jupilon Sheet E2000 made by 

35 Mitsubishi Engineering-Plastics Corp.) at a molding temperature of 200**C and a molding pressure of 50 kg/cm^ and 
then cooling the resin sheeting up to 30**C while the sheeting is pressed and taking it out. 

Embodiment 2: 

40 [0107] A groove having a V-shaped cross section was fonned on a 50 mm-square brass plate whose surface was 
flatly ground in a repetitive pattern in accordance with the fly cutting method by using a diamond cutting tool having a 
tip angle of 61.90** in the first direction (z direction) and second direction (w direction) and a tip angle of 86.45** in the 
third direction (x direction) so that the repetitive pitch in the first and second directions became 203.89 jarri, the depth 
(h) of the cut groove became 90 |im, the crossing angle between the first and second directions became 68.85**, the 

45 repetitive pitch in the third direction became 1 80.33 ^im, and the depth (h') of the cut groove became 72 jxm to fonrt a 
mother die in which a plurality of convex triangular-pyramidal cube-corners having a height (h) of 90 ;xm from a virtual 
plane (Z-Z) of triangular-pyramidal reflective elements were arranged in the closest-packed state on the brass plate. 
The optbal-axis tilt angle 8 of the triangular-pyramidal reflective elements showed -8** and prism face angles of three 
faces constituting a triangular pyramid showed 89.91 7*. Moreover, the value of hVh showed 72/89 = O.BO. 

50 [01 08] Hereafter, a concave cube-comer-forming die made of nickel was fonned similarly to the case of Embodiment 
1 and thereby, a polycarbonate- resin sheeting same as that of Embodiment 1 was compression-molded under the 
same conditions as the case of Embodiment 1 to form a triangular-pyramidal cube-corner retroreflective sheeting made 
of polycarbonate resin on whose surface cube-corners having a support-layer thickness of approx. 150 \irr\, h of 90 
ii.m, h' of 72 |xm, and prism face angles of three faces constituting a triangle provided with a slight angular deviation 

55 were arranged in the closest- packed state. 
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Comparative Example 1 : 

[0109] A groove having a V-shaped cross section was cut on a brass plane whose surface was flatly ground in 
accordance with the fly cutting method in a repetitive pattern by using a diamond cutting tool having a tip angle of 

5 77.89** in the first direction (z direction) and the second direction (w direction and a tip angle of 54.53° in the third 
direction (x direction) so that the repetitive pitch in the first and second directions became 184.10 pjn, the repetitive 
pitch in the third direction became 221 .02 (xm, and the crossing angle between the first and second directions became 
49. 22** to form a mother die in which a plurality of convex triangular-pyramidal cube-corners having a cube-comer- 
retroreflective-element height (h) of 90 p.m were arranged on the brass plate in the closest-packed state. The optical- 

10 axis tilt angle 0 of the reflective elements showed +8' and prism face angles of three faces constituting a triangle 
respectively showed 90^*. 

[0110] A triangular-pyramidal cube-corner retroreflective sheeting made of polycarbonate resin was formed in ac- 
cordance with the same method as the case of Embodiment 1 . 

^5 Comparative Example 2: 

[01 11] A groove having a V-shaped cross section was cut on a 50 mm-square brass plate whose surface was flatly 
ground in a repetitive pattern in accordance with the fly cutting method by using a diamond cutting tool having a tip 
angle of 67.45** in the first direction (z direction) and the second direction (w direction) and a tip angle of 86.45** in the 

20 third direction (x direction) so that the repetitive pitch in the first and second directions became 203.89 iim, the repetitive 
pitch in the third direction became 1 80.33 p,m, and the crossing angle between the first and second directions became 
68.85** to form a mother die in which a plurality of convex triangular-pyramidal cube corners having a reflective-element 
height (h) of 90 p.m were arranged in the closest-packed state. The optical-axis tilt angle of the cube-corner retrore- 
flective elements showed -3* and prism-face angles of three faces constituting a triangle showed 90**. 

25 [0112] A triangular-pyramidal cube-corner retroreflective sheeting made of polycarbonate resin was formed in ac- 
cordance with the same method as the case of Embodiment 1. 

[01 13] Table 1 shows the data obtained by measuring the retro- reflectivity (brightness unit is cd/lx*m2) of triangular- 
pyramidal cube-corner retroreflective sheetings formed In the above Embodiments 1 and 2 and Comparative Examples 
1 and 2. The retroreflective sheetings of Embodiments 1 and 2 respectively show a high reflectivity in a wide range. 
30 In the case of the reflective sheeting of Comparative Example 1 , however, the entrance angle ranges between 5"* and 
1 0** and the brightness change is large. In the case of the reflective sheeting of Comparative Example 2, the brightness 
Is greatly deteriorated at an entrance angle of 30*' and therefore, the entrance angularity is inferior in any Comparative 
Example. 

35 Table 1 



45 



Entrance angle 
(Degree) 


Observation 
angle (Degree) 


Embodiment 1 


Embodiment 2 


Comparative 
Example 1 


Comparative 
Example 2 


5 


0.2 


806 


852 


663 


930 


0.33 


410 


566 


334 


397 


10 


0.2 


578 


683 


488 


491 


0.33 


312 


410 


202 


189 


30 


0.2 


423 


445 


193 


203 


0.33 


247 


272 


78 


64 



Claims 

50 

1 . A triangular-pyramidal cube-corner retroreflective sheeting characterized in that triangular-pyramidal cube-cor- 
ner retroreflective elements protruded beyond a first common bottom plane (virtual plane X-X') are arranged so 
as to be faced each other in the closest-packed state on the first bottom plane (virtual plane X-X') by sharing each 
base edge on the first bottom plane (virtual plane X-X'), the first bottom plane (virtual plane X-X') is a common 
55 plane including the base edges (x, x, ...) shared by the triangular-pyramidal reflective elements, two opposite tri- 

angular-pyramidal reflective elements fomn a substantially-same-shape element pair faced each other so as to be 
substantially symmetric to planes (Y-V, Y-Y', ,..) vertical to the first bottom plane including the shared base edges 
(x, X, ...) on the first bottom plane (virtual plane X-X'), the triangular-pyramidal reflective elements are formed by 
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substantially same triangular lateral faces {faces c-, and C2) using each of the shared base edges (x, x, ...) as one 
side and two substantially same quadrangular lateral faces (faces and b^ or faces a2 or b2) substantially per- 
pendicularly crossing the lateral faces (faces c^ and C2), which (the above lateral faces and b^ or lateral faces 
B2 or bg) use each of two upper sides of the triangular lateral faces (faces c^ and Cg) started from apexes (H^ and 
H2) of the triangular-pyramidai reflective elements as one side and share one ridge line of the triangular-pyramidal 
reflective elements as one side, and the height (h')ffom the apexes (H^ and Hg) of the triangular-pyramidal reflective 
elements up to the first bottom plane (virtual plane X-X') including the base edges (x, x, . ..) of the triangular lateral 
faces (faces c-j and C2) of the triangular-pyramidal reflective elennents is substantially smaller than the height (h) 
from the apexes (H-, and H2) of the triangular-pyramidal reflective elements up to a substantially-horizontal second 
bottom plane (Z-Z') including base edges (z and w) of other lateral faces (faces a^ and b^ or faces ag or b2) of the 
triangular-pyramidal reflective elements. 

A triangular-pyramidal cube-corner retroreflective sheeting characterized in that triangular-pyramidal cube-cor- 
ner retro reflective elements protruded beyond a first common bottom plane (virtual plane X-X') are arranged so 
as to be faced each other in the closest-packed state on the first bottom plane (virtual plane X-X") by sharing each 
base edge on the first bottom plane (virtual plane X-X'), the first bottom plane (virtual plane X-X') is a common 
plane including the base edges (x, x, ...) shared by the triangular-pyramidal reflective elements, two opposite tri- 
angular-pyramidal reflective elements form a substantially-same-shape element pair faced each other so as to be 
substantially symmetric to planes (Y-Y', Y-Y', ,..) vertical to the first bottom plane including the shared base edges 
(x, X, ...) on the first bottom plane (virtual plane X-X'), lateral faces (faces c-, and Cg) using each of the shared base 
edges (x, x, ...) of the triangular-pyramidal reflective elements as one side are respectively formed into a substan- 
tially same triangle and arranged along the shared base edges (x, x, ...), two other lateral faces (faces a^ and b^ 
or faces 82 or bg) forming the triangular-pyramidal reflective elements form substantially same quadrangular lateral 
faces by using each of two upper sides of the triangular lateral faces (faces c-, and Cg) started from apexes (H^ 
and Hg) of the triangular-pyramidal reflective elements as one side and sharing one ridge line of the triangular- 
pyramidal reflective elements as one side, a second bottom plane (Z-2') including base edges (z and w) of the 
quadrangular lateral faces (faces a-, and b^) fonned because the quadrangular lateral faces (a^ and b^) cross the 
corresponding quadrangular lateral faces (face ag or bg) of other triangular-pyramidal reflective elements adjacent 
to the lateral faces (faces a^ and b^) is substantially parallel with the first bottom plane (virtual plane X-X') and 
located substantially below the first bottom plane (X-X') including the base edges (x, x, ...) of the triangular-pyram- 
idal reflective elements, and an optical axis via apexes of the triangular-pyramidal reflective elements tilts by at 
least 3' from a vertical line (H^-P) extended from apexes of the triangular-pyramidal reflective elements up to the 
second bottom plane in a direction in which the difference (q-p) between the distance (q) from the intersection (Q) 
between the optical axis and the second bottom plane (Z-Z') up to the plane (Y-Y') including the base edges (x, 
x, ...) shared by the element pair and vertical to the first bottom plane (X-X') and the distance (p) from the intersection 
(P) between a vertical line extended from the apexes (H^ and H2) of the elements to the second bottom plane (Z- 
Z') and the second bottom plane (Z-Z') up to the vertical plane (Y-Y') including the base edges (x, x, ...) shared by 
the element pair becomes negative (-). 

The triangular-pyramidal cube-comer retroreflective sheeting according to claim 1 or 2, characterized in that 
when assuming that the height from a first bottom plane (virtual plane X-X') of apexes (H^ and Hg) of triangular- 
pyramidal reflective elements as h' and the height from the second bottom plane (Z-Z') of the apexes (H^ and Hg) 
as h, the value of h'/h ranges between 0.67 and 0.95. 

The triangular-pyramidal cube-corner retroreflective sheeting according to claim 1 or 2, characterized in that 
when assuming that the height from a first bottom plane (virtual plane X-X') of apexes (H^ and Hg) of triangular- 
pyramidal reflective elements as h' and the height from the second bottom plane (Z-Z') of the apexes (H-, and Hg) 
as h, the value of h'/h ranges between 0.71 and 0.93, 

The triangular-pyramidal cube-corner retroreflective sheeting according to any one of claims 1 to 4, characterized 
in that an optical axis of triangular-pyramidal reflective elements tilts by 4* to 15* from a vertical line (H^-P) ex- 
tended from apexes of the triangular-pyramidal reflective elements to a second bottom plane in a direction in which 
the difference (q-p) between the distance (p) from the intersection (P) between a vertical line extended from apexes 
(H^ and Hg) of the triangular-pyramidal reflective elements to a second bottom plane (Z-Z') and the second bottom 
plane (Z-Z') up to the vertical plane (Y-Y') including the base edges (x, x, ...) shaped by elements and the distance 
(q) from the intersection (Q) between the optical axis of the triangular-pyramidal reflective elements and the bottom 
plane (Z-Z') up to the vertical plane (Y-Y') becomes negative (-). 
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6. The triangular-pyramidal cube-comer retro reflective sheeting according to any one of claims 1 to 4, characterized 
in that an optical axis of triangular-pyramidai reflective elements tilts by 5° to 12' from a vertical line {H^-P) ex- 
tended from apexes of the triangular-pyramidal reflective elements to a second bottom plane in a direction in which 
the difference (q-p) between the distance (p) from the intersection (P) between a vertical line extended from apexes 
(H^ and H2) of the triangular-pyramidal reflective elements to a second bottom plane (Z-2') and the second bottom 
plane (Z-Z') up to the vertical plane (Y-Y') including the base edges (x, x, ...) shaped by elements and the distance 
(q) from the intersection (Q) between the optical axis of the triangular-pyramidal reflective elements and the bottom 
plane (Z-Z') up to the vertical plane (Y-Y') becomes negative (-). 

7. The triangular-pyramidal cube-corner retro reflective sheeting according to any one of claims 1 to 6, characterized 
in that the distance (h) from a second bottom plane (Z-Z*) including a plurality of base edges (z and w) of quad- 
rangular lateral faces (faces a^ and b-, or faces ag or b2) formed because the substantially same quadrangular 
lateral faces (faces a^ and b-j) share one ridge line started from apexes (H^ and Hg) of a plurality of triangular- 
pyramidal cube-corner retroreflective elements protruded beyond a common first bottom plane (X-X') as one side 
cross the corresponding quadrangular lateral faces (face ag or bg) of other triangular-pyramidal reflective elements 
adjacent to the lateral faces (faces a^ and b-,) up to the apexes (H-, and Hg) of the triangular-pyramidal reflective 
elements ranges between 50 and 400 pm. 

. The triangular-pyramidal cube-comer retroreflective sheeting according to any one of claims 1 to 7, characterized 
in that the distance (h) from a second bottom plane (Z-Z') Including a plurality of base edges (2 and w) of quad- 
rangular lateral faces (faces a^ and b-, or faces 82 or b2) formed because the substantially same quadrangular 
lateral faces (faces a^ and b^) share one ridge line started from apexes (H-, and H2) of a plurality of triangular- 
pyramidal cube-corner retroreflective elements protruded beyond a common first bottom plane (X-X') as one side 
cross the corresponding quadrangular lateral faces (face ag or bg) of other triangular-pyramidal reflective elements 
adjacent to the lateral faces (faces a^ and b^) up to the apexes (H^ and H2) of the triangular-pyramidal reflective 
elements ranges between 60 and 200 |xm. 

. The triangular-pyramidal cube-comer retroreflective sheeting according to any one of claims 1 to 8, characterized 
in that at least one prism face angle formed because three lateral faces (faces a^, b^, and c^ or faces 35, and 
C2) of triangular-pyramidal cube-corner retroreflective elements cross each other ranges between 89.5° and 90.5*. 

0. The triangular-pyramidal cube-corner retroreflective sheeting according to any one of claims 1 to 8, characterized 
in that at least one prism face angle formed because three lateral faces (faces a^, b^, and c^ or faces a2, 62, and 
Cg) of triangular-pyramidal cube-corner retroreflective elements cross each other ranges between 89,7* and 90.3*. 
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Fig. 7 
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